AN INDOOR AIR QUALITY SURVEY OF 
TWENTY-SIX SWISS OFFICE BUILDINGS 


Simon Turner end Fmter V.H. Blnnie 

Heel thy fcuildlng* International Inc . (K£I) 

10378 Democ racy Lane 

Fairfsjc, Virginia 22030 

U.S.A. 



In an effort to cherecterize the major fee ton influencing air quality In 
]J buildings In Svltrerlandl, 26 repreaentaitlye building* vere selected for this 

j study. tech building v«i subjected to the lot indoor air quality survey 

I methodology. The most significant cause of air quality problems vas found to be 
poor ventilation;, followed by Inadequate ftitration and poor hygiene. Control 
of Legionella bacteria and asibeatoa>containing: materials may also require high 
priority ini order r * prevent; Immediate and long term haxarda to building 
occupants. 

j imODOCTJOK 

} There lig a continuing requirement for air quality data on buildings not 

[ classified as “sick* which axe representative of buildings as a whole within a 

1 specific region or country. Currently, data on level!* of many common indoor 

j pollutant* in Svltxerland are sparse. In addition, it has; been shown in the U.S. 

(1,2,3) that maintenance activities and the condition of air handling equipment 

I can have S'profound:affect on Indoor a Hr quality. Information on these factors 

in Switzerland is equally hard to find. 

This survey selected and evaluated a representative group of 26 coDoerciel office 
buildings comprising a total of approximately 102,300 aqua re meters of office 
space in 20 cities In Svi txerl and. The objective of this survey, was to provide 
contributory, dkta for future mitiigat ion policies, as veil: as to help set 
guidelines for suitable venti.llat ion rates and fi.lt rat ion standards' in! particular., 
These studies were carried out from the 7th of February to the 15th of Kerch 
1989. The buildings selected for this survey were of a wide variety In terms of 
their site, cons tructlion and use . However, a standard methodology to irrve s t lgate 
each:building was applied. 

JCTTkODOLOCT 

Al though a a tandard approach vas used to survey each building , i t required 
flexibility to cope vlthidifferent types of buildings examined. 

1 Ini clil Vtlk Thrguth 

lines one of the objectives of this survey vas to aiim maintenance standard*,, 
each study commenced vith an interview vith the personnel re sponsible for 
maintenance of: the building. Questions vere designed to elicit operativ*idetsi1s 
such as system; on/off times; freisih air, return air and exhaust settings;; 
scheduled maintenance rout lines; and: complaint areas, if any. but did not include 
questioning of the occupants. There was a valk through of each building to 
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idantl fy obvious bui lldlng conf igurati oni or design features which could influence 
•Hr quality In the occupied areas. Thia vn fol,loved. by a complete: visual 
inspection: of the intimeli of the building's vent 11 At lion, system; If any. A 
vllaual inspection va* elao mad* of the Internal* of the mein air supply ductwork 
leaving each air handling unit. Vhere necessary, acccif we* gained to this 
ductwork by the installation of e email accin port and the Insertion of a fiber 
optic boreicope. 

Qualitative Ss~T>l<ng 

In: eiecb a:lr handling unit: end main air supply, duct. e series of sample* ware-also: 
collected, on cellulose eater filters for light microscopy analysis;, Surface: 
microbe sample•; were: collected on Random Organism De tect ion end Counting (RODAC) 
agar plate*, to be aubeequently incubated, counted, and Identlfiled. 

A laser particle counter with A sliipf«lectlve Inlet for aiaapllng particles vich 
m aerodynamic diameter of 0.3 microns and above, vis used to count pair t:Hc;li« a 
inside the ductwork. At 1 blast' tvo points ware iwmpixdi inaide eachi major run of 
ductvork. This qualitative Inforoatltm cm the building, along with the location: 
of the samples and the building engineer questionnaire, was prepared om a set of 
standard field 1 notes to ensure cons Is teney,. In the case of buildings not 
equipped with forced air ventilation 1 syiten, this walk through and aamplling 
phase was obviously more limited in scope, 

On*n;l.uti l Yr All Sinll'iu 

A HI of locations vers identified in each building to be used for quantit«Civ,e 
airborne sampling, These Iocstions vtrt spread evenly throughout the study area 
of each building; with a minimum of Cvo locations per floor, as well as an outdbor 
control samplle point;. The following parameter* were measured at aach location 
vhere relevant and appropriate: 

• Respirable airborne particle counts, using a pleroelectrlic microbalance; 

• Carbon dioxide levels, using a non-dispersive infrared absorption portable 

gas analyzer; 

• Carbon monoxide concentrations, using s controlled potential electrolysis 
detector; 

• Airborne nicotine (aftair OgcUn ait al (A)), with a personal universal! flow 
siairp 1 ing: pump ; 

• Temperature, using a miniature: pllatlnua ft 100 resistance sensor; and 

• Rellatlve humidity, using a chromed layered capacl.tatI've electrode. 

The following parameters vers measured in at least two selected locatiions in each 
building: 

• Kiscel1aneoui gasas. using Castec calibrated detector tubes 

• Airborne microbial counts, using a centrifugal sir sampler employing 
impaction onto an agar lined drum; 

• Formaldehyde, using midget limpIngers containing sodium bisulphite, followed 
by spectrophotometrlb analysis; 

• Radon gas in basement areas, using Track-Etch radon detectors; 

• A rang* of volatile organic compounds, using s CC/HS in one or tvo 

locations pair building, plus an outside control for aach city; 

• Bulk asbestos analysis of any materials in the air stream of the 
ventilation system, or exposed to thei building occupants, which were 
suspected of containing asbestos fibers;; 

• Sampling and counting of airborne asbestos fibers; 

• Sampling of aeliected waiter sources, and analysis for the presence of 

TegioneJla pneuaophila, along with a harard assessment of the water source 
for possible future contamination and dissemination of this organism. 
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Thli aurvey yielded a large anount of data which can be broadly cl em* i'fi«d a* 
either; quantitative analytical data or *or« awpirical aaaeiaoenti of the 
condition of the air handling tyiuai. The quantitative data la ahovn in Tables 
I. 11 and Ill. with the qualitative data aaaaaaed and ranked on Figure 1. 

Nitrogen dioxide , lover and higher range hydrocarbon!. oione. aaaonla:, and 
aulphur dioxide were not found above the detection lliait of the aethod u*ed and 
are, therefore, not included! in the®* table*, 

TABUL I. KECKA1S IlCAlJLT' TTKIIlATItD AXUS 
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Total 


nico¬ 


Airborne 

Building 

co z 

(ppn) 

CO 

(ppn) 

(W J ) 

HCHO 

VOC* 

tine 

Radon 

tef.rrxtn 

Area 

t!T 

I >71 

1TZ 

on; 

as 

pg 

(tDC) 

wmfMm 

fkgT°) 


i 

A (all) 

628 

545 

4.3 

4.1 

41 

35 

0.03 

11161 

6.6 

. .. . 

238 

C (all): 

408 

408 

2.5 

2.7 

53 

53 

0.01 

64 

<d;l 

40 

340 

T (all): 

4 54 

58:7 

3.6 

3.7 

13 

19 

0.01 

2030 

4 0 

IS 1 

111 

1 (all) 

496 

442 

4.3 

4.4 

29 

35 

0.04 

515 

2.9 

29 

170 

R (all) 

526 

492 

2.5 

0.8 

20 

28 

<DL 



33 

374 

Y (all) 

473 

491 

3.5 

3.3 

14 

12 

0.02 

276 

3.5 

81 

600 

2 fbas egrrrt V 

}<?(?' 

600 

3..0 

2.5 

15 

10 

0.03 _ 

772 _ 

.... 

66 

1000 

JCLAK, 

491 

509 

3.4 

3.1 

26 

27 

0.02 

100 

3.4 

44 

403 


TAJJlX II. KATCXAiLLT VTJTIILATZD XXIAS 


RSP Total Hlco- Airtxxr* 


Building C0 2 (ppa) CO (ppn>) (ygxt* 3 ) HOtO VOCc tine Radon 

Art* _ ur tit air on as pa Cvtvzi) f urs'*) Lun?'*) L lzz?)izt\r' y l 


D 

(B-2F 
and 5F-SF 

5213 

564 214 

3.4 

21 

36 

0 l 06 

- 


77 

334 

E 

(all but 

600 

622 2.7 

6.7 

92 

56 

0.06 

824 

<DL 

62 

7 68 

C 

lab 

(all but 
reception 

856 

642 6.2 

4.2 

116 

357 

0.06 

991 

23.4 

37 

775 

H 

(all but 669 572 2.1 

coEputer/conference roocut) 

3.5 

H 

16 

0.12 

2693 

3.9 

44 

116 

J 1 

(all) 

679 

871 3L4 

3.6 

29 

34 

0.20 

1206 

41.9 

2 9 

53 3 

K 

(all) 

817 

817 1.5 

1.8 

98 

87 

0.04 

28591 

18.3 

4 8 

268 

L 

(all) 

936 

586 2.5 

2.0 

31 

14 

0.07 

2 0 3 3 1 

2.8; 

59 

157 

J* 

(total 733 

atudy area) 

544 7.0 

2.0 

49 

30 

0.01 

562 

17.8 

23 

366 

N 

(all) 

746 

750 2.0 

2.0 

16 

16 

0.02 

414, 

15.1 

275 

254 

0 

(conrple te 
atudy area 

692 713 3.3 

except 3F conf. 

2.4 33 

lounge. 

and 

0.02 

2F loung< 

935 

0 

* ■ 

29 

273 

r 

(all) 

670 

895 2.4 

2.0 

25 

33 

0.02 

702 1 

<DL 

37 

171' 

T 

(-11) 

731 

612 2.5 

2.0 

32 

24 

0.03 

146, 

9.0 

209 

136 

u 

(Ground 600 

floor offices. 

475 3.0 

bmiewMnt) 

2.5 

HOO 

15 

0.04 

* * 

* * 

37 

500 

V 

(all) 

683 

692 3.5 

2.5 

33 

15 

0.04 

84 

5 3 

92 

32 5 

V 

(all) 

556 

600 2.7 

2 6 

46 

52 

0.02 

910' 

<DI 

532 

372 

I 

(all) 

900 

720 2.4 

2.4 

144 

78 

0.03 

138 

<d:l 

14.64T 

38 

2 

(all but 
bai ecitnt) 

575 

658 2.3 

2.3 

45 

78 

0.02 

-• 

3.0 

... 

454 

KLAH 

704 

66 7 M 

2.1 

33 

63 

0.05 

103 6 

10.0 

106* 

34 5 


*Thia Man figure doe a not Include the reault fro* Building- X. 
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ktxtd mnuTiD aulas 


Building 


C0 2 (ppm) CO (ppp) (legs' 3 ) 


Airborne 
ksddn *dcrcfc**s 


B (.all) 

D (3F-4F) 


579 561 

460 4 50 


I (CF lab) 11250 1650 

C (CF 350 400 

reception 

H (cosrputsr/ 550 700 

conference) 

0 (3F conf. 508 617 

lounge and 2F lounge) 

Q (.1,1) 620 573 

S (alll) 750 517 

0 (lir, 3F, 550 558 


5.4 

4.6 

19 

16 

3.0 

3.4 

12 

14 

3.0 

3.0 

80: 

130 

3.0 

2.0 

40 

80 

2.0 

4.0 

20 

10 

3.3 

2.7 

25 

— 

2.4 

2.7 

55 

13 

3.2 

2.1 

43 

42 

2.7 

2 1 

70 

57 

3,1 

3.1 

40 

46 


carbon monoxide 
respirable: slit* particles 
volatile organic compounds 
pare* per pillion 
not tasted for 

colony forming .units/cubic pater 


carbon dioxide 
formaldehyde 
microgra»/cubic peter 
da tec t lion ll»lt 
Becquarals/cubic peter 


These 26 buildings varied. widely, end es e result, there vara many Items found! 
which ware unique to a particular building. Specific problems included HVAC 
outside air intakes directly adjacent to parking lots. This type of problem Is 
reflected In the “building configuration* section of Figure 1. Another problem 
unique to: a bulldling was an excessively high radbn concentration in an area of 
Building X which required UmoHsdiate, attention:. There were, hovtver, soma other 
port pervasive: factor* vhich vara common, to at least a sub-sst of the buildings . 

Since this survey was pad* in winter, post operabl e windows remained closed. Ax 
a result.,, many of the buildings that vex* not; ^quiipp# d! with forced ventilation 
systeas bttut somewhat stuffy ,, and this va* r tifieic t#d 1 In a levat* d carbon dioxide 
concentrations . either throughout the building;, or in certain pockets. Table III 
show* carbon dioxide levels overall in, the naturally ventilated buildings to be 
slightly lower in the afternoon-- this coincides with obitmtloru that window* 
were pore often open in the warmer afternoon hours than in the colder morning*. 
Table 111 al so shows that posit Indoor pollutant* measured v*,re marginal ly hi gher 
in the naturally ventilated armies.. An exception Is carbon, monoxide, which was 
generally lower and this may be due to the presence of urvd*rgr D und parking 
garages under many of the; ssailed, mechanically ventilated buildings . 

low ventilation rates can be seen to affect pore than half of these 26 buildings 
(Figure: 1) end may be Indicative: of a general trend. Since the majority, of 
underwent! Hated buildings were older structures with little, or no mechanical 1 
ventilation aystep, it demonstrate* thet indoor air quality problems are not 
limited to U.SI. style "high tech" sealed buildings. but are just as likely tin 
older buildings (at least in seasons of advsrse weather)'. 
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Hon* - no fresh air 
Inadequate * 1 iwl ted franh etr 
Di* t. * poor fresh air distribution 
AKUs - dirty air handling unit* 
Tr*y*: - blocked ox dirty condensate 
trays 

Air supply • dirty air supply duec s 
Bldg Conf • building design or 
configuration probleat 


Inadequate -• low efficiency filter* 

Tic - poor fleeing filter 
Load - excessively dirty filter* 

A*b. * presence of asbestos 
CIS - enviroriental tobacco awoke 
Fib. glia** * loose in air supply-sy«it*n. 
Bacteria - praeenc* of infectiou* or 
allergenit bacteria 
Fungi • pretence of infectious or 
allergen! fungi 


Overall', dust levels; were higher In the naturally ventilated building* not 
equipped withe filtration ayete*. This is not surprising since dust* generated 1 
by occupant activities are wore likely to be suspended ih the room aiir; for long 
period* Instead of being drawn into a return svstea. In the wore sophisticated 
building*,, a moaber of filter systewc were found to be aubjec ted to poor 
Maintenance -* wost cowaonly the selection of flll'ter* which are likely Co rate 
less than 10% efficient In the r.eisip.lrabl# six* range. Host comaercial systewt 
should be fitted with, filters at least 20l efficient in this eire range. A 
Minority of these filters were poorly fitted, allowing air bypass. and four 
buildings war* found 1 to have filter* which were excessively loaded, Vs.i still 
require a standard test which evaluate* the ability of the filter to rewove *ub» 
Micron sire particles; sine* these are the one* that penttiate, deep into the 
respiratory systea. V* currently do not have such a test which i* applied 
routinely to coassercially available filters;. 

Due to poor Maintenance, heavy dirt created probleas in wost of the air handling CD 
units inspected. Condensate trayi and All supply ducts were also found to be GO 
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loaded vlth, varliou* llevel* of dirt, ellme or acale. Sampling for LtjgloneJls 
pntiM»ophi 1 m iin building v»ttr using the Legionella Rapid Assay wathod, revealed, 
tract level* of tht organist In five building*, and strongly positive result* in 
three building*. The** aidt up the majority of the bacterial problem* found In 
thii* survey and deaionstrate that this organism may be quite widespread in cooling 
and humidifying systae* in Svl*» building*. In all tventy-a.ix buildings, 
airborne Microbial sample!* yielded vide ranges; of fungal apeciai*. Thee* vere 
generally similar; to outdoor air sample result*;. better attention to hygiene of 
air handling ty*tens may be on« of the more ef fective mays of reducing occupant 
exposure to irritant* in many Svlae buildings. 

A minority of building* exhibited poor uae of fibrous glass, creating the 
potential for release of fiber* either into the air stream of th# ventilation 
ayeteas, or directly Into the room air. This Is a maintenance item which 1* 
relatively simple to correct. More complex problems are raised by aebeito* 
containing mateirllals which were found to be a significant problem in two of the 
buildings examined, and secondary or minor problem* In a further four. The 
control of fiber release from asbestos containing,products In Swiss building* may 
be a topic which require* significant educational effort in the future. 

Environmental tobacco smoke we* found to be a sacondary or a minor irritant im 
a total of ailx of these building*, usually associated with pockets of poor 
ventilation;. Ventilation rate* which maintained carbon dioxide levels 
consistently bellow 600 ppm,, resulted in lbw levels: of ETS, both as measured by 
nicotine arid StSP levelsu 

The most room for improvement in. these building* was found with ventilation 
rates;, which were inconslistent, and. In mechanical ly ventilated buildings . with 
overall levels of maintenance:, especially with, regard to filters and cleaning 
achedulei*. In,particular. there Is a need for a standard filter testing method 
for respirable dust 1 removals Furthermore, if these buildings are representative 
of many Swiss building*, control of Legionella bacterium In cooling system*, 
improvement of hygiene of air handling units to maintain low level* of bacteria 
and fungi, and abatement of asbestos contalining, material* in exposed are** may 
needl to ba given high prioritie* in order to prevent immediate and long term 
hazard* to building occupant*. 

A CEh 0 V1ZI>G EMEKT S 


Thanks for guidance during the preparation of this paper are due to Cray 
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